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Summary. 
The focus of this thesis is to examine the effect of Clean Development Mechanism on the 
transition of fossil fuel to carbon-free resource in the hypothetical case of South Africa.  
In addition, this study seeks to look into  additional policies that could serve as a supplement 
in ensuring a speed up in the transition of fossil fuel to carbon-free resource when there is 
endogenous technological change on carbon-free resource, so that, global carbon emission 
will be reduced in the future due to lower costs of carbon-free resource in the future.  
When it comes to intended technology improvement policies, the Clean Development 
Mechanism (CDM) of the Kyoto protocol seems to be the most popular, and aims to 
facilitate the investment of clean technology in the developing countries. The mechanism by 
which this will be achieved is a carbon-free resource cost reduction that will encourage the 
developing countries to switch from the consumption of fossil fuel (environmentally 
polluting) to the consumption of carbon-free resource (non-environmentally polluting).  
This study adopts a simplified theoretical model with an assumption about the technological 
progress in carbon-free resource. That is, there is learning-by-doing and the unit price on 
carbon-free resource is a decreasing function of cumulated use of carbon-free resource.  
 The analysis in this study is however done with respect to five distinct cases. The first case is 
one with no intervention of CDM, second and third case as one with introduction of CDM in 
a perfect (known business as usual) and imperfect scenario (unknown business-as-usual) 
respectively. While the fourth and fifth case is one with the intervention policy having a 
direct effect on the increase in the rate of equilibrium producer price on fossil fuel and on 
the decrease in the price on carbon-free resource in the hypothetical case of South Africa 
respectively.  
The simulation result in this study points out to three basic regimes that has been captured 
when there was no intervention of technology improvement policy (CDM). Regime 1 as 
consumption of fossil fuel solely, regime 2, as consumption of both fossil fuel and carbon-
free resource and regime 3 as consumption of only carbon-free resource. 
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In Comparing the findings of the perfect case and imperfect case of CDM, the simulation 
result show that, there is no much of a difference when business as usual is known (perfect 
case) and when business as usual (BAU) is overestimated (imperfect case). Although 
overestimating BAU may result in an additional profit gain to South Africa. 
Moreover, the simulations in this study show that, the introduction of CDM will reduce the 
fossil fuel consumption and bring carbon-free resource consumption to an early stage. While 
with the intervention of policy that have a direct effect on the equilibrium producer price of 
fossil fuel and the price on carbon free resource, the transition from fossil fuel to carbon free 
resource becomes faster. 
Finally, the analysis in this study reveals that the registration of CDM project should continue 
in the developing countries, since it is a good technology improvement policy which guides 
the choice of energy technologies in the developing world in speeding up the transition of 
fossil fuel to carbon-free technology. However, consideration of any other policy that will 
have a direct effect on the price of carbon free resource and of fossil fuel might serve as a 
supplement in enhancing the speed up of the transition of fossil fuel to carbon-free resource 
in the developing country.  
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1.0. Introduction 
The use of energy has, and will for the foreseeable future, continue to play a key role in 
advancing economic growth and fulfilling the needs of our human civilisation.  The sources 
of such energy has however been widely associated with environmental degradation and 
economic inequality, which have contributed towards making the current patterns of energy 
usage to be both unsustainable and of increasing concern to the environment. With global 
warming and climate change imminent, the agenda for energy usage has urgently taken into 
consideration a well-structured technology improvement policy in a mix of energy 
technology sources so as to curb the global warming threats. 
In 1997, under the United Nations Framework Convention on Climate Change (UNFCC), 
Clean Development Mechanism (CDM) was originated from Kyoto protocol with the main 
objectives of finding an urgent solution to the problem of global warming and the challenges 
of climate change. In CDM, one of the measures taken have focused on the developed 
countries (that is, both the private and public sector) investing in cleaner technology in the 
developing countries so as to speed up the transition of fossil fuel to carbon free resource.  
 In support of CDM approach, the draft decision of the Copenhagen accord (COP 15) was 
extremely influential and spurred further research and analysis on the transition between 
fossil fuel and cleaner (carbon-free) technology.  In paragraphs 3, 4 and 5 of Copenhagen 
accord1, the investment of cleaner technology in the developing countries by the developed 
countries has been identified as a major solution to climate change. The Copenhagen accord 
calls upon the developed countries to take the lead in cleaner technology investment in the 
developing countries in order to achieve global carbon emission reductions. 
The developed countries responded to the call of ‘Clean development mechanism’ of the 
Kyoto protocol  because, it is widely believed that, as the  investment on cleaner technology 
in the developing countries increases, developing countries will  have a reduction in the cost 
                                                          
1 For further information see : United Nations Framework Convetion on Climate Change-'Draft Decision- CP15'. 
(2009, December 18). Retrieved March 5, 2010, from http://unfccc.int/resource/docs/2009/cop15/eng/l07.pdf 
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of carbon free resource and will hence switch from carbon resource (fossil fuel) to carbon- 
free resource.   
This study explore the practical policy oriented-question of what effect does CDM has on the 
transition of fossil fuel to carbon-free resource. The hypothetical case study here is South 
Africa. Although the analysis in this study can be applied to any developing countries but 
South Africa as a developing country is examined here for simplicity and in order to see 
specifically the effect of CDM on the switch between fossil fuel and carbon-free resource. 
Also, taking South Africa as a case study among other developing countries is more 
interesting because of its well-known large coal (fossil fuel) reserves.  
A simplified theoretical model is adopted in this thesis to make a description and analysis of 
the transitions between fossil fuel and carbon-free resource consumption. This study is 
mainly interested and concerned with the kind of policy that will help in speeding up the 
transition of fossil fuel to carbon-free resource. There are however five major cases that 
have been examined in this study.  
The first case analyzes the transition of fossil fuel to carbon-free resource when there is no 
intervention of CDM. The second and third case analyze the transition of fossil fuel to carbon 
free resource when there is an intervention of CDM in a perfect and imperfect scenario  
respectively, while the fourth and fifth case analyze the transition of fossil fuel and carbon 
free resource when there is a policy intervention that will have a direct effect on the 
increase in the rate of equilibrium producer price on fossil fuel and on the decrease in the 
price on carbon-free resource in the developing countries respectively.  
In addition, endogenous technological change in carbon-free resource has been allowed in 
this study and a combination of two extensively studied model and theory in resource 
economics has been adopted. That is, Hotelling’s (1931) exhaustible resource model and 
learning-by-doing effect (Arrow, 1962). However, the idea of learning-by doing was originally 
presented in the study of Trygve Haavelmo2 in the year 1954 and not in Arrow (1962) but 
this idea was not called learning by doing in Haavelmo(1954) in which Arrow (1962) has 
called it.  
                                                          
2
 To read more about this idea, see section 7.1 and 7.2 of  Haavelmo (1954). 
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Arrow (1962) in his study on ‘the Economic implication of learning –by- doing’ while using a 
simplified theoretical model has tested the hypothesis of ascribing technical change to 
experience.  More discussion on learning by doing, study of Arrow (1962) and the application 
of learning by doing to the hypothetical case of South Africa is in section 4 of this study.  
Moreover, in the study of Jaffe, et al., (2002) on the relationship between environmental 
policy and technological change, technological change was referred to as the relationship 
between input of production and output of production levels as it changes over time, while 
in this study, technological change has been referred to as the relationship between primary 
energy consumption (fossil fuel and carbon free-resource) and clean environment.  
Although, the concept of technological change is a very complex one with different 
economic theories emerging in explaining the processes of technological change. The idea of 
Schumpeter (1942) seems to be at the center of most of these economic theories. 
Schumpeter (1942) explained and introduces a separation to the process of technological 
change in the context of invention (the discovery of new technological process), innovation 
(the commercialization of a new idea) and diffusion (penetration into the market of a new 
idea). An example of economic theory that emerged in explaining the process of 
technological change is Romer (1990). 
Romer (1990) in his study on ‘Endogenous technological change’ pioneered ‘new growth 
theory’ in which he has explained technological change in the direction of technical rate 
through market incentives in the economic system.  In his theory, the endogenous economic 
growth comes from technological change which is the result of research and development 
that is driven by the profit maximization of the private sectors in the economy.  
However in the study of Romer (1990) technological change has followed from the first idea 
of Schumpeter (1942) that is, invention. While in this study, technological change is in the 
context of innovation and diffusion. That is, the innovation of carbon-free technologies, 
improvement of existing carbon (fossil fuel) technologies and diffusion of technologies 
between firms and countries which will improve the possibility of achieving a cleaner 
environment. Hence, technological change in the analysis of this study is modeled in the 
context of ‘learning by doing’.  
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Logically, any discussion on carbon emission reduction ought to be intimately linked to the 
transition of fossil fuel consumption to that of carbon-free resource; since, the most 
important contribution to carbon emission is the accumulated use of fossil fuel while clean 
environment can be achieved to a large extent by the use of carbon-free resource.  But, in 
spite of this obvious fact, only some literatures like IPCC (1991) have made a vital 
contribution towards this link.   
According to IPCC (1991), the most relevant technologies change categories of options to 
reduce greenhouse gas emissions from energy systems are: 
- Efficiency improvements and conservation in energy supply, conversion, and end-
use.  
- Fuel substitution by energy sources that have lower or no greenhouse gas emissions; 
Renewable (cleaner) technologies. 
- Reduction of greenhouse gas emissions by removal, recirculation, or fixation.  
- Management and behavioural changes (for example: increased work in homes 
through information technology) and structural changes.  
However, out of the above stated options given by IPCC (1991), the most important 
technological change that has been emphasized in this study, is that of fuel substitution 
(transition of fossil fuel to carbon-free resource in this study) by energy sources that have 
lower or no greenhouse gas emissions and the kind of policy (CDM in this study) which will 
ensure a transition of fossil fuel to carbon-free resource.   
Recently, in support of  IPCC (1991), a strand of relevant research studies that is concerned 
with the importance of technological change as the ultimate solution to the reduction of 
carbon emission problem  has emerged ( for example is Omer,( 2008 ), Chakravorty, et al., 
(1997), Hao, et al., (2007), Nagesha,( 2008), Dincer, et al., 1999)).  However, most of these 
literatures have followed the options stated by IPCC (1991) in terms of energy efficiency, 
recirculation or fixation and behavioral changes with only a some of this literature 
considering the transition of fossil fuel to carbon-free resource (that is, fuel substitution) as a 
solution.  
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An exception is Chakravorty, et al., (1997) who has related the importance of technological 
change (transition of fossil fuel to carbon free-resource in this study) as an ultimate climate 
change problem with solar energy as carbon-free resource in his model.  He affirmed that, 
the moderates rates of technological change (fossil fuel to solar energy in his study), will lead 
to a global temperature increase of about 2.3 degrees, while the faster rates of technological 
change will increase temperatures by 1.5 degrees which will decline after the year 2055. 
In addition, Chakravorty, et al., (1997) in their study on ‘Endogenous substitution among 
energy resources and global warming’ by constructing a Hotelling type of model which 
include multiple resources like fossil fuel (oil, coal and natural gas) and a carbon-free 
backstop technology with multiple demands instead of a single, homogeneous resource 
demand has shown that; if the historical rates of cost reduction in the production of solar 
energy (carbon-free backstop technology) is maintained, more than 90% of the world coal 
will not be used. That is, the world will move from the oil and natural gas (fossil fuel) to that 
of solar energy.    
The drastic assumption that has however been made in the study of Chakravorty, et al., 
(1997) is that, the user of fossil fuel and backstop technology (carbon-free resource) has a 
perfect foresight about the future prices and they can time their investment in alternative 
fuel using technologies accordingly; to the extent that, if there is no perfect foresight about 
the future prices, transitions to backstop technology will be more slower. Meanwhile in this 
study, the technological change from fossil fuel to carbon-free resource is modeled in terms 
of learning-by-doing and not based on the assumption of energy user having a perfect 
foresight about future prices.  
Furthermore, Chakravorty, et al., (1997) have focused on solar energy as the most likely  
back stop (carbon-free) resource while in the analysis of this study, carbon-free resource is 
taken to include all renewable energy (wind, solar, hydro), nuclear, bio-fuel, while fossil fuel 
is taken to be  oil, natural gas and coal. Also, technological change in their model is 
exogenous while technological change in this study is endogenous. 
Moreover, some other literatures have also been concerned about the transition of fossil 
fuel to carbon-free resource. Even though most of these literatures have made the link 
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between fossil fuel and carbon-free resource in terms of economic growth. An example 
making the link between fossil-fuel and carbon-free resource in terms of economic growth is 
Tahvonen, et al., (2001).  
Tahvonen, et al., (2001) adopted an optimal growth model to analyze the transition between 
renewable (carbon-free resource) and non-renewable (fossil fuel) at different development 
stages of the economy with an assumption of endogenous technological change. He showed 
that the emphasis on energy production will evolve from renewable to non-renewable and 
back to renewable in the historical context.  
 In comparing the study of Tahvonen, et al., (2001) with this study, the transition of fossil 
fuel and carbon free resource has not been linked to economic growth but instead, the 
effect of CDM on the transition of fossil fuel to carbon- free resource has been the major 
emphasis. However, endogenous technological change has also been assumed for in this 
study.  
Meanwhile, the study of Tahvonen, et al., (2001) can be seen as an extension to Tahvonen 
(1997) in which growth in the economy was now put into consideration in Tahvonen, et at., 
(2001).  
Tahvonen (1997) in his study on ‘fossil fuel, stock externalities and backstop technology’ 
while using an extensive combination of Hotelling’s  (1931) exhaustible resource model and 
Plourde’s (1972) stock pollution model with the inclusion of stock pollution (fossil fuel) 
technology and non-polluting backstop (carbon-free resource) found out that; an optimal 
energy consumption typically include a regime in which both energy sources are consumed 
simultaneously and along this regime, fossil fuel consumption decreases and backstop 
(carbon-free)  technology increases.  
Meanwhile, the main objective in Tahvonen (1997) has been to show that the optimal 
energy consumption typically includes a regime in which two energy sources that is, fossil 
fuel and backstop (carbon-free resource) are consumed simultaneously. 
However, the two main objectives in this study is to see the effect of CDM both in perfect 
and imperfect scenario on the transition of fossil fuel to carbon free resource and to look 
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into any other policy that that can speed up the transition of fossil fuel to carbon-free 
resource. Also in addition to these two main objectives, another objective is to show that, 
the optimal energy (fossil fuel and carbon free resource) consumption includes three 
different regimes with regime 1 as one in which only fossil fuel is consumed, regime 2 as one 
in which both fossil fuel and carbon-free resource are consumed simultaneously and regime 
3 in which only carbon-free resource is consumed when there is no intervention of climate 
change policy (CDM). 
Furthermore, in the comparison of Tahvonen (1997) study with this study, a combination of 
two extensively studied model and theory in resource economics has also been adopted in 
this study. That is, learning-by-doing effect theory (Arrow, 1962) and Hotelling’s (1931) 
exhaustible resource model with the inclusion of fossil fuel and carbon-free resource 
consumption. 
Harold Hotelling presented hotellings rule in 1931. This rule is known to be the basic modern 
theory of exhaustible resources with a condition that came up as a result of resource 
depletion and resource price movements in the competitive market.  The evidence in this 
model indicated that, for depletion of fossil fuels, there is an extraction path that depends 
both on the present and future demand. The usual rationale for such a path is that, the 
demand for fossil fuel will shift downwards as a response to the reduced cost of carbon free 
resource (substitute). So the question arises, is there such a relationship for C02 emission as 
a result of air pollution and not resource depletion?  
 With C02 emission, as air pollution problem and not resource depletion, the global nature of 
the climate change problem means that individual country cannot by themselves 
significantly affect their own climate. This is in contrast with the situation for depletion of 
fossil fuel for which Hotelling’s rule have been estimated.  It is easier than with the case of 
air pollution.  
Recently, several literatures have identified the externality problem of carbon dioxide 
accumulation with the use of oil and natural gas (an example is Nordhaus 1994) by 
neglecting the fact that carbon emission do arise as a result of carbon resource which is 
finite and exhaustible. While some studies, include the externality problem in Hotellings 
model in the context of sustainable development. Most of this literature ignores that; the 
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paradigm exhaustibility application can not only be limited to underground aquifers.  An 
exception to this is Heal (1984) who made it clear that, the paradigm of exhaustibility 
application can not only be limited to underground aquifers but also to the accumulation of 
greenhouse gases if it is without an urgent solution to the climate change.    
As a result, this study made an extension to Hotellings exhaustible resource model, since the 
economics of carbon emission is a perfect case of a public good in which carbon emission is a 
global externality problem. However, a simple extension to Hotelling basic model that has 
been done in this study is to allow for the accumulation of carbon (greenhouse gas) emission 
resulting from the stock of fossil fuel consumption. However, in addition to the Hotelling’s 
rule that has been extended in this study, learning-by-doing effect theory is also adopted 
when there is endogenous technological change in carbon-free resource.   
 
1.1. Justification of the study 
 
This study fill the wide gap of knowledge related to the kind of policy that is needed to take 
the developing countries from the regime of fossil fuel consumption to that of carbon-free 
resource consumption. In addition, this study has significant relevance in understanding the 
second objective of CDM mechanism and its effect on the transition of fossil fuel to carbon-
free resource. More so, in understanding the kind of supplemental policy that will ensure a 
speed up in the transition of fossil fuel to carbon-free resource.  
1.2. Plan of the study 
The rest of this study is organized as follows. Section 2, is the background information to the 
carbon emission trend in South Africa as it relates to the environment and energy sector. It 
also reviews the trend in the primary energy consumption as it relates to South Africa 
adoption of carbon-free resource, that is, Nuclear and Hydro energy source. One important 
conclusion is that, historically, the rate in the use of coal and oil (fossil fuel) as energy source 
in South Africa is still very high and thence there is a need to focus more on the transport, 
household and energy sector in climate change solution.   
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 In section 3, there is a discussion of CDM, the design of CDM and the different project 
related to transition of fossil fuel to carbon-free resource consumption in South Africa. 
Section 4 continues by reviewing learning curve effect and its application to electricity 
generation from carbon-free resource in South Africa.  
In section 5, there is a presentation of the model and analysis in this thesis. This section is 
subdivided into five different parts. The first part presents the model and analysis when 
there is no intervention of CDM. The second and the third part present the model and 
analysis when there is a perfect and imperfect case of CDM respectively. The fourth and the 
fifth part present the model and analysis when there is an alternative policy intervention on 
the rate of equilibrium producer price of fossil fuel and on the price of carbon-free resource 
in the developing countries respectively. The interpretation of the result gives a better 
understanding of the effect of the policy recommendation in speeding up the transition of 
fossil fuel to carbon free resource. Finally, the main findings and conclusion are discussed in 
section 6.  
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2.0. Background, Theories and Findings.  
Globally, the world has entered into an era of growing energy demand for almost a decade 
ago.  The challenge of which did not only spring up  as a result of the increase  human 
activities  in the household sector but also the consumption and production of polluting fuel 
in the transportation and manufacturing sector has been a major contributing factor to the 
accumulation of greenhouse gases (carbon dioxide-C02, Methane-CH4, Nitrous oxides-N2O, 
Chlorofluorocarbons-CFCs).  However, with the imminent realization of global warming and 
climate change, there is a need for an urgent solution to the accumulation of greenhouse 
gases that will be directed at a switch from fossil fuel to carbon free resource. 
However, it has been affirmed by the IPCC (1991) that switching between a dirty (fossil) fuel 
to a more cleaner (carbon-free) fuel is the most desirable solution in facing the link between 
the release of carbon emission, growing energy need and the environment even though the 
transition between fossil fuel to carbon-free resource has been seen in the global view to be 
abrupt and a major challenge for the upcoming developing economies (developing 
countries).  
2.1.  The link between carbon dioxide (C02) emission and our environment 
In spite of the previous warning about the risks of greenhouse effect,  significant action were 
not taken in the right choice of energy mix in the course of civilization and now, many 
institutions and literatures have concluded about the occurrence of global warming (Hansen, 
et al. 2000 and IPCC 1991). Civilization began when people started to recognize energy as 
the major service-provider.  In the process, there was fossil fuel combustion to melt metals, 
extract chemicals, for lighting, heating and especially for cooking.   
For example, as South Africa (a developing country) get develop and civilize, they tend to 
have a continuous growing primary energy demand (a strives for an economic growth) which 
(without conservation) can result in a supply shortfall due to excessive primary energy 
demand. Meanwhile, an increase in the primary energy consumption (fig 1) might increase 
the release and accumulation of carbon emissions (fig 2) into the atmosphere and hence a 
need of urgency in the utilization of appropriate technology mixes.  
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Fig 1: ‘’Primary energy Consumption in South Africa’’. 
 (Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622. 
 
Fig 2: ‘’C02 emissions in South Africa’’. 
 (Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622 
However, there are still some ongoing developments that might lead to a land mark 
consumption of primary energy services in South Africa. This discussion is as below:  
Where mtoe is millions tons 
of oil equivalent 
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 Cooking, lighting and heating in the Household sector:  
In South Africa, not only is it that, most of the house hold in the urban area are electrified, 
some part of the rural areas are also electrified. But despite the electrification in urban and 
part of rural area, large number of people still has their total reliance on other forms of 
energy for lighting, heating and cooking3.  
Cooking in the household sector of South Africa is still mostly done by the use of coal which 
could have been as a result of two main factors. That is: 
- Social non-recognition and acceptability of the incoming technology development: For 
example, over the past few years in South Africa, there seems not to be clear 
evidence in the acceptability and recognition of solar stoves4 in the replacement of 
coal as a fuel source for cooking. 
- The instability in the power sector in South Africa:  For example, Eskom in 2007 
recorded a high shortage in the power supply as a result of demand being more than 
supply  in South Africa.  
The above two stated problem of social acceptability and instability in electricity generation 
might however be the major cause of the reliance on coal for cooking.  
Meanwhile, the dependence on dirty fuels (wood, coal, crop residues, paraffin, and animal 
dug) for cooking and heating in South Africa has been claimed to be causing a major indoor 
and outdoor air pollution concentration; the result of which has been a major exposure of 
women and children to Acute Respiratory Infections in south africa (Wichmann 2006).  
                                                          
3 For more information see: State of the Environment and Tourism: Department of Environmental Affairs and 
Tourism, Republic of South AFrica. (n.d.). Retrieved February 20, 2010, from 
http://soer.deat.gov.za/themes.aspx?m=385 
4
 For more information See: The Solar Cooking Archive-Social Acceptance of Solar Stoves in South Africa 
'International Workshop on Solar Cooking' [Online]. - October 22-24, 2001. - march 4, 2010. - 
http://solarcooking.org/social-acceptance-rsa.htm. 
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The  reliance on dirty fuel in South Africa has however, not only be causing a respiratory 
diseases, it has also been affirmed by Wichmann, et al.,( 2006)5 that, it  is associated with 
mortality rate of children between the age of  1-59 month old. Hence, the increase in the 
indoor air pollution levels in the developing countries  has been posing a significant cause of 
mortality and morbidity in both adult and  children (Fullerton, et al.,2009). With the 
realization of the negative effect on the use of dirty fuel on human health, the use of wood 
for cooking fuel in the urban areas has been suggested by Ellegard  (1996)6 to be restricted. 
However, considering  the current population growth rate in South africa  with a growth rate 
of 1 % between 1950 and 2008 (fig 3), there might  be a more pressure on the demand on 
dirty fuel for cooking, heating and lighting, if appropriate measure is not taken. Hence, there 
is a need for an alternative fuel as an urgent solution in the household sector of South Africa 
(a developing country) as the household sector expands with increase population growth 
rate. 
 
Fig 3: ‘’South Africa Population in thousands’’ 
( DataSource OECD- Country statistical profiles 2009 : South Africa. (n.d.). Retrieved February 10, 2010, from 
http://stats.oecd.org/viewhtml.aspx?queryname=18190&querytype=view&lang=en) 
                                                          
5
 He made this affirmation in his studies  on the ‘Influence of Cooking and Heating Fuel Use on 1–59 Month Old 
Mortality in South Africa’ by using a survey method 
6
 Ellegard made this suggestion  while using a survey method in his studies on the ‘Cooking Fuel Smoke and 
Respiratory Symptoms among Women in Low-income Areas in Maputo’   
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 Transport Sector:  
The transport sector (road infrastructures) is still underdeveloped in many parts of South 
Africa. For example, many people in South Africa do not have access to the existing railway 
and road vehicles7. The cause of this problem seems not to be so clear but it could have 
been a consequence of the increase in the cost of transportation or transportation 
unreliability depending on the area of domain.   
In response to the unreliability in the South Africa transportation, the White paper on 
National Transport policy (1996)8  claim to improve on the efficiency of transport systems 
with the use of different strategies. That is,   providing a transport services mix that will 
promote the ease in the mobility of the people in both the urban and rural areas. However,  
the implementation of the intension in ‘White paper on National Transport policy ‘  will pose 
a huge expansion and development in the transport system of South Africa. Hence, there is a 
need   for better understanding of the type of energy mix to focus on as the transport 
system get develop, so they do not make the same mistake made by the developed 
countries in the course of their development.   
 
In response to the alternative fuel in the transport sector, some researchers have shown the 
link between the use of hydrogen as energy carrier and transportation system (for example 
Okken, et al., 1995) while others (like Demirbas 2007 , Semelsbergera, et al., 2006) have  
argued on another alternative fuel like biodiesel and dimethy ether.  
 
 Demirbas, (2007) in his study on the ‘Importance of biodiesel as transportation fuel’ 
concluded that, the use of biodiesel fuel is very important in the transportation sector since 
it has a higher potential in reducing carbon dioxide and carbon monoxide while, Okken, et 
al., (1995) in their  studies on the ‘Cost effective integration of hydrogen in energy systems 
                                                          
7 For more information see: State of the Environment and Tourism: Department of Environmental Affairs and 
Tourism, Republic of South AFrica. (n.d.). Retrieved February 20, 2010, from 
http://soer.deat.gov.za/themes.aspx?m=361. 
8
 For more information see: South Africa Government Information-'White Paper on National Tranport Policy' 
Department of Transport Pretorial. http://www.info.gov.za/whitepapers/1996/transportpolicy.htm 
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with CO2 constraints’ emphasized on the multi-usage and importance of hydrogen in the 
residential, commercial and transportation sector.  
However, If we take into consideration the current growth rate of the use of polluting fuel in 
the transportation sector, It seems so unclear that south Africa will be able to meet the 
challenges of switching to a cleaner fuel. Hence, in facing these challenges of switching to a 
cleaner fuel, there is a need for appropriate measures to be taken as the transportation 
sector in South Africa will keep growing and expanding.  
One of the appropriate measures that can be taken in switching from fossil fuel to a cleaner 
fuel in transportation sector has been affirmed by Ramesohl, et al., (2006) . In their study on 
‘Energy system aspects of hydrogen as an alternative fuel in transport’ by using an analytical 
approach, they made us realize that, the designation of energy and climate policy that will 
focus on the introduction of alternative fuels in the transport sector will need a more focus 
on the freight areas and public transport that is characterized by both specific conditions and 
market mechanisms. 
 Electrification of households  
Most household in the rural areas of South Africa are not yet electrified.  For example, from 
the report of ‘National response to South Africa Electricity shortage’9 the demand and 
consumption for electricity in South Africa was more in 2007 compared with 2006 with a 
growth rate of 4.31% in 2007 and with the growth peak demand of 4.90% between 2006 and 
2007. As a result of load shedding problem, this country has recorded power instability in 
2007.   
In response to the problem of power instability, there has been a lot of debate in finding a 
solution to the power supply in South Africa. The report in ‘National response to South Africa 
Electricity shortage’ however resulted in two major conclusions10: 
                                                          
9
 For more information see: National Response to South AFrica's Electricity Shortage. (2008, January). Retrieved 
March 4, 2010, from http://www.info.gov.za/otherdocs/2008/nationalresponse_sa_electricity1.pdf 
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- There will be a lot more effort in managing the load shedding which has been a major 
problem in the shortage of power supply. 
- There will be a lot more awareness campaign between DME (Department of minerals 
and energy), Eskom, National Energy agency (NEA), CGIS (Geographical information 
system) and Local government in South Africa. 
However, the implementation of the conclusion in the report of ‘National response to South 
Africa Electricity shortage’ implies a lot more of development and expansion of electricity 
generation and increase in the electrification and power sector in South Africa.  
 Increased in the Consumption of growing middleclass:   
The middle class in South Africa is still very large and growing. As a result the consumption 
and use of necessities and luxuries as the middle class get richer is bound to increase. For 
example most middle class in South Africa do not have private cars and vehicles, the 
utilization of which is far below North America and Europe. Hence, there is a speculation for 
increase of private cars and vehicles among the middle class11 as they get richer.  
Meanwhile much of the primary energy consumption has been based on the use of coal for 
heat and electricity generation. The electricity generation in South Africa grew by 3% 
between 1990 to 2008 while coal consumption also has the same growth rate (see fig 5) 
which suggests that the source of the bulk of electricity generation in South Africa seems to 
be from  coal (fossil fuel).  
                                                          
11 For more information see: State of the Environment and Tourism: Department of Environmental Affairs and 
Tourism, Republic of South AFrica. (n.d.). Retrieved February 20, 2010, from 
http://soer.deat.gov.za/themes.aspx?m=361 
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Fig 4:’’ Coal Consumption in South Africa’’.   
(Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622) 
 
Fig 5:’’ Electricity generation in South Africa’’.  
( Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622  
Hence, if care is not taken, the consumption of fossil fuel will be the major energy source in 
meeting the highlighted ongoing development In South Africa. 
Where mtoe is millions tons 
of oil equivalent 
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Also, historically, there is an observation of a linkage between primary energy consumption 
and C02 emissions which calls for an urgent solution. For example the total primary energy 
consumption in South Africa grew on average by 3% between 1965 and 2008 (fig 1) while 
C02 emissions also grew by 3% annually between1965 to 2008 (fig 2). 
Nevertheless, having discussed previously some of the ongoing developments that might 
lead to a land mark consumption of primary energy services in  South Africa, patterns like 
the one shown in figure 1 and figure 2 suggest that, it does not seems so clear that the link 
between the carbon emissions and fossil fuel as energy source in South Africa  will disappear 
in the short-term (and if care is not taking in the long term). 
 
  However,  over the past decades, the study of greenhouse effects which has it that, the 
piling up of carbon dioxide (C02) from fossil fuel combustion and other greenhouse gases 
(GHGs)  in the  atmosphere has  anticipated the creation of  global warming (Lashof, et al., 
1990) and other significant climate change if the use of fossil fuel  continues.  
 
In the global context, the linkages between the emission of C02 and environment (global 
warming) have raised the issue of international cooperation and agreements between 
different countries (for example is the Montreal Protocol and the Kyoto Protocol). Also, a 
strand of past and recent research has been concerned with the link between the C02 
emissions and its challenges on our immediate environment (for example is Molt, et al., 
1996, Ruijgrok, 1996, Gunter, et al., 1998).  
In summary, there is a foreseeable growing energy demand in South Africa as a result of 
their ongoing and emerging development which suggests that, there should be a lot more 
attention on the energy, transport, household and manufacturing sector, since these sectors 
are the ones making a major share in the accumulation of C02 in the atmosphere (IPCC 
1991).  Hence, the registration of CDM projects has a high potential on both the supply side 
and the demand side in South Africa.  
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2.2. The link between the energy sources and the environment.   
The sheer size of today’s population coupled with the endless growing demand for primary 
energy resource has been widely known to continue imposing a climatic change. The world’s 
energy demand has never been so high until recently and with the advent of developing 
countries energy demand and economic growth expansion, it seems clear that the 
challenges of climate change will keep increasing if necessary measures are not taking.  A 
noticeable problem is however, the dependence of population and economic growth on the 
use of energy. The source of which can either be fossil fuel or carbon free resource.  
For example in South Africa, the use of clean (carbon free resource) technology on the 
reduction of carbon emission has not been highly recognized. This could have been as a 
result of political and economic reasons.  Although, the department of mineral and energy 
(DME) in South Africa has tried in many ways to have carbon free energy sources been 
exploited12. As a result, the use of Nuclear energy is well known in South Africa, but there 
has been lot of instability and fluctuations in the use of Nuclear and Hydro energy source 
(see fig 6 and fig 7). 
2.2.1. Reasons for Nuclear Instability in South Africa 
South Africa, which is the first nation to dissemble a nuclear weapon stockpile, has made a 
lot of effort in the use and investment on Nuclear power plant. For example, South African 
Nuclear Energy Corporation (NECSA)13 was established in terms of nuclear act in 1999 with 
different emerging research work and progress in nuclear technology development of 
nuclear fuel. The effort of which should be commended on.   
However, the major effort of NECSA seems not to be clearly appreciated. It seems there is a 
clear evidence of social non-recognition and social unacceptability of Nuclear power in South 
Africa.  For example, there has been lot of emerging campaign against the use of Nuclear 
                                                          
12 For more information see Department of Minerals and Energy Republic of South Africa-'White Paper on 
Renewable Energy'. (2003). Retrieved February 10, 2010, from http://www.dme.gov.za/energy/renewable.stm 
13
 For more  information see:  NECSA. (n.d.). Retrieved March 10, 2010, from 
http://www.necsa.co.za/Article/03e73d30-abab-4ba2-be27-1f4b03dd210c/6/Necsa-at-a-glance.aspx.  
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fuel14 recently, in which many people claim that the production and use of Nuclear is 
claiming life’s and causing illness.  Hence, there is a need of improving the nuclear 
technology in South Africa, so as to build a strong social acceptability and recognition in the 
use of nuclear plant. 
In other words, to address the issue of instability in the production of nuclear energy in 
South Africa (fig 6), there is a need for the developed country to urgently look into the 
reason why South Africa residents are campaigning against the use of Nuclear power. 
Otherwise, the behavioral change of switching from fossil fuel to carbon-free resource might 
just be insignificant regardless of the amount of investment on technology by the developed 
country in South Africa.   
However, it has been claimed that one of the major criteria in establishing any best scenario 
of technological stability15  is through ‘technological maturity’. In other words to ensure 
stability In the case of nuclear plant in South Africa, high level of technological maturity need 
to be dealt with.  For example, is the increase in research and development (R&D) in the use 
of thorium as a nuclear reactor instead of uranium, since thorium waste has no threat to 
human safety.  
 
                                                          
14
 See: Kormorant. (2010, February 11). Retrieved March 5, 2010, from 
http://www.kormorant.co.za/2010/02Feb/11Feb/Necsa.htm 
15
 For further information see : Contzen, J. P. (n.d.). United Nations University-'Nuclear Energy on the Global 
Scene: a Renaissance?'. Retrieved March 4, 2010, from 
http://www.ias.unu.edu/sub_page.aspx?catID=35&ddlID=638 
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Fig 6: ‘Nuclear Energy consumption  in South Africa’’. 
 ( Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622 
2.2.2. Reasons for Hydro energy instability  in south Africa 
The department of minerals and energy (DME) in South Africa made it clear that, they used 
to import electricity from Cahora Bassa Hydropower station in Mozambique but with the 
damage of the transmission line, there seems to be a stop in the importation. However we 
should note that, the use of  a cleaner fuel will require availability and affordability.  
 
From environmental perspective, South Africa is one of the major countries in Africa that 
lack important arterial rivers or lakes. The country is liable to water pollution from 
agricultural runoff and urban discharge, hence this country might not end up using Hydro as 
energy source efficiently because of it’s  geographical location.  
However, to ensure growth in the use of water supply, the country might require a high 
extensive water conservation and control measures. Hence, it will  be better for south Africa  
to invest more in a strong  inter-agreement with neighbouring country like Zambia, 
Zimbabwe and Zaire who has a major arterial rivers or lakes to import hydropower instead of 
Where mtoe is millions tons 
of oil equivalent 
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investing on Hydro power station in Eastern Cape and KwaZulu-Natal which has been 
claimed to be a potential hydropower source by DME in south Africa.  
It has been noted that, until there is a wide range of strong policy instruments including the 
design or restructuring of a broad set of institutions, the effort of tackling environmental 
problem might not be recognized (Somanathan, et al., 2006). Hence,  in the absence of 
appropriate agreement between countries (developing countries), incremental investment 
in cleaner technology alone will not overwhelm the challenges of climate change.  
 
Fig 7: ‘Hydro Electricity consumption
16
  in South Africa’’. 
 (Data Source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622) 
Nevertheless, the instability in Nuclear and hydro energy source has led to the growth rate in 
of coal with 3% and oil consumption with 4% between the period of 1965 and 2008 (fig4 and 
fig8). However, the rate at which the demand for oil and coal is  growing in South Africa  
poses for an urgent solution (see fig 8, fig 9 and fig 10) in a major switch to alternative fuel 
(carbon-free resource).   
                                                          
 
 
Where mtoe is millions tons 
of oil equivalent 
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Fig 8:  ‘’Oil consumption  in South Africa’’.  
( Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622)  
In the global context, the use of dirty energy sources (fossil fuel) with  the possibility of 
continuing economic growth at today’s level in the future has however raised concerns by 
major institutions (such as Intergovernmental Panel on Climate Change-IPCC).  Also, most 
literatures have made a lot of analysis and investigation on the linkages between the energy 
sources and environmental challenges (for example is Dincer, et al., (1999), Dutt, (1995) and 
Shaoxiong, 1996). While some other literatures in spite of the obvious fact, that the use of 
fossil fuel is a major environmental concern has not made any significant linkages, some 
other institutions make the linkages in the context of presuming for a well functioning 
markets and taking for granted a problematic factors underlying the economic governance 
system in the developing countries. 
In summary, as we have seen previously, the use of hydro as energy source seems not to be 
a good potential in South Africa because of the limited arterial river in the country, while 
that of nuclear will be a good one even though there might be a need of keeping up with 
R&D in terms of using thorium as nuclear reactor instead of uranium since its waste has no 
threat on human safety. However, other carbon-free resource, that is solar energy and wind 
energy will be a very good potential for CDM project in this country. Hence, the registration 
Where mtoe is 
millions tons of oil 
equivalent 
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of CDM projects has a high potential on both the supply side and the demand side in South 
Africa.  
 
Fig 9:’’ South Africa Primary energy consumption in 2007 with oil and coal having the major share in the 
contribution’’.  
 (Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622)  
 
Fig 10:’’ South Africa Primary energy consumption in 2008 with oil and coal having the major share in the 
contribution’’. 
(Data source: BP- Statistical Review of World Energy 2009 -'Historical data ( 1965-2008)'. (n.d.). Retrieved 
February 10, 2010, from http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622). 
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3.0. The concept of Clean Development Mechanism. 
Clean Development Mechanism is a mechanism established from the Kyoto Protocol in 1997 
under article 1217 of the United Nations Framework Convention on Climate Change (UNFCC) 
with the intention of meeting two basic objectives. The main objectives of CDM is to assist 
parties not included in annex 1 (non-annex1)18 achieve a sustainable development and  in 
contributing to the ultimate objective of the UNFCC19, and to assist parties included in annex 
1 achieve a compliance with their quantified emission limitation and reduction commitment 
under article 320 of Kyoto Protocol.    
The second objective of CDM is mainly achieve by issuance of credits that is, Certified 
Emission Reduction (CER) credits to annex 1 country for any investment that  target 
greenhouse gas emission reduction or sequestration technologies in the developing 
countries.  These credits can however be traded by the annex 1 country in the international 
market or used by the developed country to meet their part of emission reduction target 
under the Kyoto Protocol. Hence, one of the main strength of CDM is that, it provides an 
incentive for the developed countries to invest in cleaner technologies and other measures 
that will sequester or reduce greenhouse gas emissions in the developing countries and also 
enables the developing countries to get involve in climate-friendly technologies.   
Also, in CDM, there is the occurrence of carbon leakage21 occurrence.  An example of this, is 
the counterbalance of the investment in emission reduction project in the developing 
countries by the developed countries and the effect of an increase in one unit of CERs issue 
to the developing country per emission reduction project . 
 
                                                          
17
 For further information on article 12 of the convention  see United Nations Framework Convetion on Climate 
Change- ‘Kyoto protocol to the United Nations framework convention on climate change’ pp 11-12  retrieved 
July 12,2010 from  http://unfccc.int/resource/docs/convkp/kpeng.pdf  
18
 Non-annex 1 countries are the developing countries while the annex 1 countries are the industrialized or the 
developed countries.  
19
 For more information on the ultimate objective of UNFCC see  United Nations Framework Convetion on 
Climate Change- ‘Kyoto protocol to the United Nations framework convention on climate change’ article 2 pp 
1-2  retrieved July 12,2010 from  http://unfccc.int/resource/docs/convkp/kpeng.pdf 
20
 To read more about article 3 of the Kyoto protocol see  United Nations Framework Convetion on Climate 
Change- ‘Kyoto protocol to the United Nations framework convention on climate change’ pp3 retrieved July 
12,2010 from  http://unfccc.int/resource/docs/convkp/kpeng.pdf 
21
 Carbon leakage is one that results from a strict climate policy (for example CDM) which then lead to an 
increase in carbon emission in one country as a result of emission reduction in another country.  
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3.1. The design of Clean Development Mechanism(CDM) 
The CDM executive board is responsible in the supervision and approving of CDM projects 
and issuance of CERs under the authority and guidance of Conference of the Parties 
(COP/MOP).  However, there are various steps involved in the accomplishment of a CDM 
project. A series of steps that will be needed to get CERs from a set up activities of CDM 
project in agreement with the international rules is referred to as a CDM project cycle. This is 
shown in figure 11. 
 However, participation in CDM project is voluntary and there are some eligibility rules on 
both the developing country, developed country and the project requirement side which 
govern the types of activities that can be proposed as a CDM project. Among of this 
requirement is as stated below22: 
-  The parties to be involved in CDM will need to designate a national authority for 
CDM.  
- The government of the parties will have to ratify the Kyoto protocol.  
- The CDM project will have to ensure a sustainable development in the country that it 
will be located. 
 
Fig 11: Steps in the project cycle of Clean Development mechanism (CDM)  
 (Source: Department of Minerals and Energy Republic of South AFrica-'The CDM Project Cycle'. (n.d.). Retrieved 
March 4, 2010, from http://www.dme.gov.za/dna/dna_project_cycle.stm) 
                                                          
22
 For further information see Foundation for international Environmental Law and Developmet-‘Guide to the 
Clean Development Mechanism’ retrieved July 12, 2010 from  http://www.cdmguide.net/cdm11.html 
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From figure 11, series of steps involved in CDM project cycle was highlighted. For illustrative 
purposes, assume that, a foreign investor (project participant) identifies an investment that 
will sequester or reduce greenhouse gas emission in the developing countries, that is, 
electricity generator which will run on a carbon-free energy sources in replacement of fossil- 
fuel run electricity generator.  The project participants will have to approach the government 
of the country (developing country) in which the investment is to be located with a project 
design document23  (step 1 of CDM project cycle).  In this stage, the project participant will 
also have to set up a baseline against which greenhouse gas reductions will be measured and 
independently verified.  After the presentation of the project design document, the 
developing country will then decide whether the proposed project meets their sustainable 
development and whether to approve the project.  Also, the government of the foreign 
investor may have to approve the investment.  
In case this project meet the CDM activity (that is validated) and is approved, the project will 
then be registered   (Step 2 of CDM project cycle) with the CDM executive board. However, 
the project participant will have to keep monitoring (step 3 of CDM project cycle) the actual 
emission occurrence in comparison with the  set up baseline and have them independently 
verified (step 4 of CDM project cycle). If the actual emissions turn out to be below the 
baseline level, the CDM executive board issues CERs (Step 5 of CDM project cycle) to the 
project participants.  
However, the number of emission credits issued corresponds to the calculated emission 
reduction from the CDM project which is the difference between the levels of emissions 
without CDM projects (business as usual-BAU level) and the emission level after which the 
CDM project has been carried out.  One CERs then gives the right to emit one ton of C02 
equivalent (C02e).   
Meanwhile, these CERs can be used by a foreign investor to meet climate change obligations 
in developed countries or sold by the project participants on the international market for 
greenhouse gas emission reductions. 
 
                                                          
23
 Project design document is a proposed plan of the project which must set out the detail operation of the 
project, its methodology and the description of how the intended project will meet the prerequisite for CDM 
activities.  
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3.2. Pros and Cons of Clean Development Mechanism (CDM) 
From the environmental perspective, the increasing level of primary energy demand and the 
use of fossil fuel in particular have posed a major climate change problem. The demand for 
primary energy is however widely known to be a measure of economic growth. Therefore, 
it’s zero usage or it’s reduction is undesirable and an unrealistic way of reducing the 
observable environmental effect of climate change challenges. 
 Instead, there has been a lot more attention towards the introduction of CDM in the 
developing countries in promoting the installation of carbon-free technologies.  As a result, 
the effect of introducing CDM into the developing countries so as to enhance carbon-free 
resource consumption has been a major debate among the policy analyst with the most 
enlightened participants   in the area of environmental policy debating on the effectiveness 
of CDM.  In this subsection I will draw upon different argument for and against CDM. 
For example, Wara (2007) gave an example of incentives that can be created by CDM.  It was 
shown in his study on ‘Is the global carbon market working’ using an analytical approach that 
the producers of Hydro Chlorofluorocarbons (HCFCs) in the developing countries has 
increased the production of HCFCs which is a source of  Hydro fluorocarbon (a greenhouse 
gas). The reason for this is to have a later additional gain in cutting back the produced HFC 
through CDM.  As a result, Micheal Wara in 2007 argued that CDM has only been effective so 
far in achieving its political goals. 
However, the deduction from the study of Wara (2007) has it that, the introduction of CDM 
into the developing countries may be a source of incentives in the production of emission 
releasing product, since, at the later stage, there might be an additional profit gained from 
the registration of CDM project that will target reduction of emission from producing this 
kind of emission releasing product.   
Furthermore, if the issuance of CERs to the developed countries should continue with the 
investment of emission reduction project in the developing countries, it will be reasonable to 
assume that, this kind of investment might increase the supply of carbon-free energy 
technologies which will reduce the market prices of carbon-free energy. Hence, resulting in 
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the higher level of carbon-free resource consumption and lower level of fossil fuel 
consumption.    
However, Hoel (2008)  while he was analyzing the effect of improved renewable (carbon-
free ) energy on greenhouse gas emission using an analytical method has shown that, a focus 
on this kind of technology improvement policy (that is CDM) will not necessarily lead to a  
reduction in  global carbon emission.  He has made a discussion of one such reason. That is, 
when the supply side of fossil fuel is taken into consideration, producer may as well reduce 
the price on fossil fuel as a consequence of improved renewable (carbon-free) energy 
technology.  
As a result, the deduction from the study of Hoel (2008) has it that, the secondary effect of 
making an improvement in renewable technology by the introduction of technology 
improvement policy (CDM) might be a reduction in fossil fuel price which might have a 
counter effect on the targeted goal in reducing the demand for fossil fuel and hence global 
carbon emission remaining the same. 
Moreover, in the project design stage of CDM project cycle, the baseline is usually estimated 
as if the initial level of emissions without the CDM project (that is business as usual level-
BAU) is easier to know.  Meanwhile, there can be a lot of miscalculation in estimating BAU. 
This is because; the parties involved may have an additional gain interest in overestimating 
the baseline since it will generate a more CERs for them. Hence, the impact of CDM project 
in the developing countries may be overestimated by this kind of miscalculation.  
Also, CDM is known  to be a cost effective mechanism since it allow  the developed countries 
invest in emission reduction project in the developing countries wherever it is cheapest 
globally.  However this may not necessarily be the case.  This is because, CDM is only 
applicable to a concrete emission reduction investment project like installation of solar 
panel, wind turbines hydro plant and among others while other types of emission reduction 
activities  which might even be cheaper is not usually  included. For example, is that of forest 
conservation.  
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3.3. Various CDM projects that have evolved in South Africa after the ratification 
of Kyoto protocol. 
Over the past couple of decades, South Africa’s economy has moved from being dominated 
by agriculture to having a large industry. Meanwhile, as the economy grows, the expected 
pattern is that the need of more energy resource will increase.  However, this country has 
been ranked in the top 20 countries in the world emissions of greenhouse gases despite her 
population24. They have also been known for high emission intensity compared to other 
developing countries which could have been as a result of high dependence or reliance on 
coal as the source of energy for electricity and heat production.   
As a result, South Africa saw a need to link their industrial production and the ongoing 
environmental degradation in 2002.  They ratified the United Nations Framework convention 
on climate change (UNFCC) and became a party to the treaty of Kyoto protocol in 2002.  
After they become part of this treaty, there has been a recognition of five basic CDM 
projects25 that has been registered in South Africa.  Meanwhile, the evolvement of this kind 
of project suggests that CDM project registration has a high potential in South Africa both at 
the supply and the demand side. These are discussed below: 
 Kuyasa Low-Cost Housing Energy Efficiency Upgrade:  (registered in August 
27, 2005) 
This project26 is situated in Kuyasa, Khayelitsha, which is an informal settlement with the 
distance of about 30km to the centre of Cape Town, South Africa. The major objective of this 
CDM project activity is to improve the thermal performance of the existing and future 
housing units, improve lighting and water heating efficiency. The expected outcome of this 
project is to reduce current and future electricity consumption per household to avoid 
carbon dioxide (CO2) emissions with the end-user as the main target of the project.  
However, this project seems to be a good one in de-linking the transition of fossil fuel to 
carbon-free resource. For example IPCC (1991) affirmed that one of the most relevant 
                                                          
24
 For more information see Nation Master-‘Environment Statistics C02 by country’ retrieved on July 12, 2010 
from   http://www.nationmaster.com/red/pie-T/env_co2_emi-environment-co2-emissions 
25
  For further information See Department of Minerals and Energy, Republic of South Africa-’South Africa's 
Registered CDM projects’ retrieved on July 12, 2010 from http://www.dme.gov.za/dna/index.stm.  
26
 To read more about this project see  http://cdm.unfccc.int/Projects/DB/DNV-CUK1121165382.34 
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technologies that will ensures a stabilization in the renewable (carbon-free) energy 
technology around the low carbon baseline  is  identified to be ‘Efficiency improvements and 
conservation in energy supply, conversion, and end-use’  which has been  the main focus of 
this project. 
 Lawley Fuel Switch Project:  (registered in March 6, 2006). 
 
This project  27  entails the conversion from coal (fossil fuel) to natural gas  of the thermal 
fuel used in clay brick baking kilns at Lawley Brick Factory. Lawley Brick Factory is an existing 
brick factory wholly owned by Corobrik (Pty) Ltd, South Africa. The fuel switch project is 
developed, financed and implemented by Corobrik which is the largest supplier of bricks in 
South Africa and one of the largest producers of brick in the world.  The main objective of 
this project activity is to reduce greenhouse gas emissions by switching the plant’s thermal 
fuel from coal to natural gas. However, the gas plant has the capacity to reduce 191 590 tons 
of CO2 equivalent over a 10 year time frame and as a result of the fuel switch, the emission 
of 19 159 tons CO2/annum will be mitigated. Currently, the plant is being operated on a 
natural gas.  
 PetroSA Biogas-to-energy Project: ( registered in  September 26, 2006) 
This project 28 is located at PetroSA which is a state owned corporation that has been 
operating gas to liquids plant at Duinzicht since 1987 with a distance of 12 kilometers from 
the Mossel Bay town on the south coast of South Africa.  The production process at 
Duinzicht has been noted to be leading to waste process water in the anaerobic digestion 
which is a very crucial one in the operation of PetroSA plant. Meanwhile, there has been a 
generation of biogas in this anaerobic digestion and since the inception of plant which is 
equipped with smokestack, the biogas is being flared.  
                                                          
27 To read more about this project see United Nations Framework Convetion on Climate Change-' Project 
0177 Lawley Fuel Swich Project’ retrieved July 12, 2010 from  http://cdm.unfccc.int/Projects/DB/DNV-
CUK1135341553.72 
28 To read more about this project see United Nations Framework Convetion on Climate Change-' project 
0446 petro SA biogas to energy project. Retrieved July 12, 2010 from 
http://cdm.unfccc.int/Projects/DB/PriceWaterhouseCoopers1148482596.97 
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This project however aims at using the waste gas that is being flared to generate electricity 
which will be used on site by PetroSA. Hence the project aimed at generating non-fossil fuel 
fuelled electricity.  On the outcome, this project produces approximately 34GWh of 
electricity per annum which is sold to the local grid at PetroSA displacing coal-based 
electricity and also reduces 33,000 tons of CO2 annually.  
 
 Durban Landfilling-gas-toelectricity project - Marrianhill and La Mercy 
Landfills  (registered in  December 15, 2006) 
This project29  consists of an enhanced collection of landfill gas at two landfill sites (that is 
Mariannhill and the La Mercy landfill) of the municipality of Durban and the use of the 
recovered gas to produce electricity. The marianhill landfill sites is an active one where there 
is always a deposit of waste of about 550 to 700 tonnes of waste per day  while LA Mercy 
landfill site is an old one that receive up to 350tonnes of waste per day.  
This project however aimed at the implement of landfill gas recovery at La Mercy and 
upgrades of the collection system at Marian hill in the production of electricity.  Meanwhile 
the produced electricity will be fed into the municipal grid and it will replace the rate at 
which the municipal electric company buys electricity from other suppliers.  
The main objective of this project is to install 0.5 MW of electricity generation at each site 
for export to the municipal grid. As a result, there has been a displacement of electricity 
from the grid and reduce emissions related to coal-fired power production which include 
sulphur oxides, nitrogen oxides, and particulates.  
 Rosslyn Brewery Fuel-Switch Project: (registered in November 29, 2006). 
This project30  activities which  was led by  South African Breweries Ltd primarily aim at 
reducing GHG emissions through fuel switching. It consists of investing on coal to natural gas 
                                                          
29 To read more about this project see United Nations Framework Convetion on Climate Change-' project 
0545 Durban Landfill-gas-to-electricity project Mariannhill and La Mercy’. Retrieved July 12, 2010 from   
http://cdm.unfccc.int/Projects/DB/TUEV-SUED1154520464.04/view 
30 To read more about this project see  United Nations Framework Convetion on Climate Change-‘ project 
0358 Rossly Brewery fuel-Switching project’.  Retrieved July 12, 2010 from  
http://cdm.unfccc.int/Projects/DB/DNV-CUK1143828093.66 
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replacement. This was funded through the sale of carbon credits in the context of CDM of 
the Kyoto Protocol. The proposed project activity was claimed to have the capacity of 
producing   greenhouse gas emission reductions by 709,895 tones CO2e over the first 7-year 
crediting period. It was also claimed to have a potential of bringing   the inherent benefits of 
switching from coal to natural gas. 
According to IPCC (1991) the most relevant technological change categories of options to 
ensure a transition between fossil fuel and renewable (carbon-free resource) are in order to 
reduce greenhouse gas emissions from energy systems are: 
- Efficiency improvements and conservation in energy supply, conversion, and end-
use.  
- Fuel substitution by energy sources that have lower or no greenhouse gas emissions; 
Renewable (carbon-free) technologies.  
- Reduction of greenhouse gas emissions by removal, recirculation, or fixation.  
- Management and behavioural changes (for example: increased work in homes 
through information technology) and structural changes   
However, we can see the project that has evolved in South Africa after the ratification of 
Kyoto protocol has fallen under the categories of IPCC(1991). For example Kuyasa Low-Cost 
Housing Energy Efficiency Upgrade that was registered in August 27, 2005 fall under 
efficiency improvements and conservation in energy supply since the major objective of this 
project activity is to improve the thermal performance of the existing and future housing 
units, improve lighting and water heating efficiency. Also, Durban Landfilling-gas-to 
electricity project - Marrianhill and La Mercy Landfills which was registered in December 15, 
2006 has fallen under the reduction of greenhouse gas by recirculation, removal or fixation 
since the main objective of this project is to gas wasted recovery in the production of 
electricity at the Marrianhill and La Mercy Landfills site.  
Moreover, Rosslyn Brewery Fuel-Switch Project that was registered in November 29, 2006 
and Lawley-Fuel Switch Project that was registered in March 6, 2006. 
 has fallen under the category of fuel substitution by energy sources that have lower 
greenhouse gas emissions since this project aim at switching from coal (fossil fuel) to natural 
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gas while, PetroSA Biogas-to-energy Project which was registered in September 26, 2006 fall 
under the category of reduction of greenhouse gas by recirculation, removal or fixation since 
the project aim at using the waste gas that is being flared to generate electricity which will 
be used on site by PetroSA.  
Nevertheless, having discussed different kind of project that have evolved in South Africa 
after the ratification of Kyoto Protocol, there is a suggestion that if these kind of projects 
continue and keep moving at a faster rate in this country, there is a high possibility that it 
might be of a greater help in the transition between the use of fossil fuel and carbon-free 
resource in this country.  
There is however a need for us to address the question of what effect does introducing CDM 
into the developing countries has on the transition of fossil fuel to carbon-free resource. 
Should the introduction of CDM into the developing country continue? If YES, what kind of 
additional policy is needed to speed up the transition of fossil fuel to carbon-free resource in 
the developing country? 
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4.0. The concept of Learning Curves. 
 The phenomenon of learning-curve was popularized through the work of Boston Consulting 
Group (BCG) in 1968 on the consequences of learning effect on businesses. By widening the 
inputs in the learning system to include all cost elements, BCG concluded that, there will be 
a need for firms to capitalize more on their learning effect because it will increase their 
additional gain in experience and as a result reduce their cost of operation which is a very 
powerful tool.  
The concept of learning-by doing has been used by Arrow (1962) in his study on ‘the 
Economic implication of learning –by- doing’. While using a simplified theoretical model in 
testing the hypothesis that technical change can be ascribed to experience and by taking 
cumulative gross investment as an index of experience; he has argued that, technical change 
can be ascribed to experience gained.  
The drastic assumption that has however been made by Arrow (1962) in making his 
argument is that, learning takes place only as a by-product of ordinary production (learning 
taking place as a by-product of electricity generation is a typical example that can be 
deduced from his assumption). While the analysis in this study does not only have it that 
learning can takes place as a by -product of production, but also that, learning takes place as 
a by-product of technology improvement policy (CDM) effect on the transition of fossil to 
carbon-free resource, so that global carbon emission will be reduced in the future due to 
lower costs of carbon-free resource in the future.  
In addition, in the study of Arrow (1962), there is an assumption that, learning takes place in 
effect only in the capital goods industry (as an example is the installation of carbon-free 
technology) and not to capital goods that has already been built (as an example is the 
installed carbon- free technology). However, in this study we assumed that learning takes 
place in effect not only in the capital goods industry but also in the use of capital good once 
built. As an illustration, is that of wind mill. With the installation of wind mill for example, 
learning can still take place in the maintenance of the rotor even after wind mill has been 
installed.  
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However, the relationship between performance and experience was first quantified by 
Wright in 1936. In his study on  ‘Factors affecting the cost of airplanes’  in which the  
relationship between cost and quantity were discussed, he found out that, any  time 
total aircraft production doubled, the required  input reduces by 10 to 15%.  As a result, his 
work has been related to learning-by-doing and the input curve in his work as learning 
curves.  Hence, the main principle used for reflecting learning curve effect has been that,  
the more time spent on performing a given task, the less will be the time required on 
repeating the same task.  
The forces underlying the learning-curve phenomenon was discussed by D.L Bodde in 1976 
and this forces is presented as below:   
- Labor efficiency: This has to do with confidence gained and less time spent in 
performing a repeated task. As a particular task   is being done over and over, worker 
tend to learn faster and improve more in how the task can be done in a short time.  
For illustrative purpose, assume that, a company is involved in the installation of 
capital goods (that is solar panel and wind mills) for electricity generation. As this 
company keeps doing this installation over and over again, they will learn faster and 
improve more in both the installation process of these capital goods and in using the 
installed capital goods in electricity generation. That is, there tend to be an 
improvement in both production of capital goods and in production of goods (that is 
electricity generation) in using the capital goods.  
- Standardization and specialization:  When there is a specialization in a particular set 
of task (for example is energy resource use) there tend be a more experience gained 
in performing the task and hence increase in efficiency and faster rate of operation. 
- Technology-driven Learning: Implementation of information technology and 
production technology carbon-free energy technology in this case) can ensure 
efficiency in the way a task will be done. This is because, as information technology is 
being implemented, the learning rate tends to increase and hence increase 
efficiency. 
- Better use of equipment: As the production of a particular goods increases , (as an 
example is the generation of electricity in the hypothetical case of South Africa) there 
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tend to be a  full exploitation of equipment or input usage (energy technology in this 
case) which result in lowering the unit cost of production. 
- Changes in the resource mix: As the production rate in a company increases their 
tend to be an increase in experience gained and as a result, there can be a change in 
the mix of input and increase efficiency. For illustrative purpose, as an electricity 
generating company (for example ESKOM) keep on producing electricity from 
mixture of energy technology source, their will tend to be an experience gained in 
determining which of this energy source is more cost efficient and as a result there 
will be a change in the mix of energy technology input in electricity generation and 
thence increase the cost-efficiency. 
Learning curve in this study is however being referred to as a graphical representation of the 
changing rate in learning system in the use of carbon-free technology for a given task or 
activities. For illustrative purpose, is that of electricity generation from using carbon-free 
technology in the hypothetical case of South Africa. This illustration is in section 4.1.1 and 
4.1.2 of this study. 
4.1. Application of learning curve to South Africa consumption of carbon-free 
technology. 
The major part of the learning-curve phenomenon is that individuals and businesses usually 
do better while operating in the competitive markets. However, from economic point of 
view, the most important measure of performance for new technology is price.  The theme 
in this subsection is that learning curves usually  provide an important tools in formulating  a 
low-cost strategies  in which C02 emission will be reduced and stabilize in the nearest future. 
Hence, in this subsection the focus is on how the learning through market experience 
reduces the price of carbon-free resource in the hypothetical case of South Africa.   
In order to make the installation of carbon-free technologies available in the developing 
countries, CDM has been introduced into the developing countries. However, the 
introduction of CDM can be considered beneficial because prices of carbon-free resource are 
expected to reduce as the producers and users gain experience. 
For illustrative purposes, the effect of learning curve in electricity generation from carbon 
free technology of the hypothetical case of South Africa is shown in this sub section. It is 
 
 
38 
expected that the prices on carbon free technology usage will decrease as the major 
producer of electricity in South Africa, that is ESKOM31  gain experience and the cumulative 
use of carbon free technology in electricity generation increases. However, in this 
illustration, there is an assumption for a perfect competitive market32 by looking at two 
distinct cases of excludable learning effect and non-excludable learning effect.  
In perfect competitive market of electricity generation in the hypothetical case of South 
Africa, every participant has no market power of their own and they are price taker.  This 
market is characterized by some certain features which are as below: 
-  There is a certain price in which both the producer of electricity and consumer are 
willing to sell and buy. 
- There is no transaction cost 
- There is a free entry and exit in the market 
- The price of electricity and quality of electricity generated from carbon-free 
technology is known by both the producer and the consumer. 
- The producers of electricity from carbon-free technology will however put a price on 
electricity where its demand equals to the supply in the case solely consumption of 
carbon-free resource and at the alternate cost in the case of simultaneous 
consumption of fossil fuel and carbon-free resource. 
However, in this subsection, two distinct cases of learning effect is examined. That is : 
- Excludable learning effect. 
- Non-excludable learning effect.  
Learning effect is said to be excludable in this study when it is possible to prevent other firms 
who have not paid for learning investment to have access or to enjoy the profit gained (a 
reduction in the cost of carbon-free technology in this study) after the learning investment 
cost has been paid, while non-excludable learning effect is when it is not possible to prevent 
                                                          
31
 Eskom is well known producer of electricity in South Africa. It generates approximately 95% of electricity use 
in South Africa and 45% of electricity use in Africa as a whole. For more information about ESKOM see 
http://www.eskom.co.za/live/content.php?Category_ID=59 
 
 
 
 
39 
firms who have not paid for learning investment to have access or to enjoy the profit gained 
after learning investment cost has been paid. 
 In examining the above two cases of learning effect, the time at which the scope of 
technology learning in generating electricity from carbon free resource will break even with 
electricity generation from fossil fuels seems to be very vital; since this will determine how 
long there will be a learning investment and when other electricity generating firm will be 
interested in entering the market.  Hence, section 4.1.1 and 4.1.2 examine the two cases of 
learning effect by putting into consideration the time at which the scope of technology 
learning in generating electricity from carbon-free resource will break even with electricity 
generation from fossil fuels. 
4.1.1. Excludable  Learning effect  in electricity generation from carbon-free 
technology.   
 Excludable learning effect  here can be refered to as  the  consideration of how  learning  
acquired through cumulative usage of carbon-free technology  for electricity generation  
reduces the cost of carbon-free technology when  it is possible to prevent other electricity 
generating firms who have not beared any cost of learning investment on electricity 
generation from carbon-free technology  to  benefit or have a profit gained  (a reduction in 
the cost of carbon-free technology) from the use of carbon-free technology. 
Fig 12 indicates how learning acquired through cumulative usage of carbon free technology  
for electricity generation  reduces the cost of carbon-free technology and also point out to 
the scope of learning involved in bringing electricity generation from carbon-free resource to 
break even with electricity generation from fossil fuel in the hypothetical case of South 
Africa. 
Furthermore, the trend line in figure 12 is referred to as ‘learning curve’ here. The price on 
carbon-free resource is allowed to experience a learning curve effect.  This curve is described 
by the following mathematical expression. 
 t  o      t                                                                                                                            (1) 
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Where   t is the price of carbon-free resource in South Africa at year t,  o is the initial price 
on carbon-free resource in the developed country.  t  is the cummulative  carbon-free 
resource consumption in year t.   is the (positive) experience parameter.  
In figure 12 o  is equal to the  price at one unit of cummulative carbon-free resource usage. 
 o is the price at 1 TWH(Terrawatt-hour) of cumulative carbon free technology and is equal 
to 0.05$US/TWH.  t in fig 12, is the sum total in TWH (terrawatt-hour) of all carbon-free 
resource consumption until the year t. For instance, in the year t=2070, the price is  33.4US$ 
and the sum of all hydro consumption until the year 2070 is 66.6 TWH. 
In addition, figure 12, showed that, the price of electricity in South Africa will be the line BCD 
and the point at which the scope of technology learning in generating electricity from 
carbon-free resource will break even with electricity generation from fossil fuels will be the 
point C. That is 0.27$US/TWh at the cumulative carbon free technology usage of 56.06TWH.  
 
Fig 12 learning curve showing the investment necessary to make carbon-free resource competitive in the case of 
excludable learning effect 
Where P is exogenously 
given at price of carbon free 
resource in the developed 
country. Price stays at a 
higher level in the case of 
excludable learning effect  
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From figure 12,  the area  ABC that is, 0.45$US/TWH to 0.27$US/TWH showed the ‘learning 
investment’ and after  this period, there is an additional profit to the producer of electricity 
from carbon-free technology who has already bear the cost of learning investment. This is  
shown by the area CED.  In the area CED, other electricity generating firms  will be interested 
in entering the market, since at this point, there will be an additional profit  (CED) (a 
reduction in the cost of carbon-free technology) to the use of carbon-free technology in 
generating electricity.  
4.1.2. Non-excludable learning effect  in electricity generation from carbon-
free technology  
In the case of non-exludable learning effect, we are considering how  learning  acquired 
through cumulative usage of carbon-free technology  for electricity generation  reduces the 
cost of carbon-free technology when it is not possible to exclude firms who have not paid for 
learning investment to have access or to enjoy the profit gained after learning investment 
cost. Following equation 1, the case of non-excludable learning effect is shown in figure 13. 
 
Fig 13 Non- Excludable learning effect.  
Figure 13 showed that, in the case of non-excludable learning effect, the price on carbon-
free technology follows the learning curve, that is, price path is now ABC with none of the 
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firm ready to bear the learning investment cost. In comparing this case with the first case in 
which learning effect is excludable, we can see that, the price of carbon-free technology in 
the first case stays at a higher level while in the second case of non-excludable learning 
effect the price of carbon-free technology follows the learning curve. This however suggest 
that, not so much of carbon-free technology will be used in the first case if compared with 
the second case, since in the first case there was a  learning investment cost bearing which 
makes the price on carbon-free technology staying at a higher level. 
As a result, to allow multiple usage of carbon-free technology in the developing country, 
there is a need for a basic search of policy intervention (CDM) that will encourage (in terms 
of issuing CERs to developed country for any investment that target greenhouse gas 
emission reduction or sequestration technologies in the developing countries) investment of 
carbon-free technology in the developing country which will result in lower cost of carbon-
free resource in the future. This is very important, since it will guide us towards the speed up 
in the technological shift from fossil fuel to carbon-free resource consumption. 
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5.0. The model and Economic Analysis.  
 
In this set up model, one way to organize one’s mind is to think about the accumulation of 
carbon emission to be the result of primary energy     consumption from which consumers 
derive their utility.  The two primary energy sources in this model are defined to be either 
fossil fuel      or carbon-free energy (   with the consumption of fossil fuel as the main 
cause of carbon emission accumulation.  The market for fossil fuel is modeled as a market 
for a homogeneous carbon resource in the international market with a price      
The demand for fossil fuel is the demand from South Africa, while the supply of carbon-free 
technology is the supply from all developed countries, (both private and public sectors) that 
is involved with CDM project in South Africa. On the demand side of fossil fuel, there is a less 
drastic assumption. That is, there is a free trade for fossil fuel in which South Africa is 
indifferent and they can either sell or purchase carbon resource (fossil fuel) from the 
international market. Hence, fossil fuel is available, affordable and supplied competitively in 
the international market.    
 However, as long as there is a market for fossil fuel in the international market, the 
equilibrium producer price of fossil fuel will keep rising with the interest rate   c   There is a 
perfect substitute for carbon resource (fossil fuel), that is, carbon-free resource. Carbon-free 
resource is available in South Africa at a price  . The price   experiences a learning curve 
effect. Learning curve effect here is interpreted to be that, as the consumption of carbon-
free resource in South Africa increases, there is a cost reduction on carbon-free resource at a 
predictable rate    . That is, the more South Africa learns on the introduction of carbon-free 
resource, the less costly it will be for them in incurring a cost on carbon-free resource. 
5.1. The Model without CDM 
In the South Africa problem, we assumed for a damage function    t  t , which is a convex 
and increasing function with global damages of carbon emission resulting from the addition 
of South Africa local stock of carbon emission to that of  global stock of carbon emission ( ).  
The damage function    t  t  is however written as    t  henceforth.   
Moreover, as it has previously been discussed in section 1 of this study, we assumed for an 
extension to Hotellings rule with C02 emission as an air pollution problem and not a resource 
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depletion and hence the accumulated carbon emission (air pollution problem) is as a result 
of stock of fossil fuel consumption. In addition, considering the case of South Africa, we 
assumed that there will be an efficient use of fossil fuel since fossil fuel is known to be 
naturally available, affordable and supplied competitively in the international market. So, 
the equilibrium producer price of fossil fuel will keep rising with the interest rate  c as long 
as there is a market for fossil fuel in the international market.  Hence, in considering the 
hypothetical case of South Africa only, we assumed for Hotelling’s rule in the consumption of 
fossil fuel in our model. This is given in equation 3.     
Also, in this analysis, carbon emission and primary energy consumption        is measured 
in carbon unit. That is, mtoe (million tons of oil equivalent) and the utility of primary energy 
consumption       is in terms of monetary benefit.  
However, in the short run, there is a decreasing return to carbon free resource. This is 
because installation of carbon-free technology can be affected by the locality 
differentiations. For example, is the installation of hydro plant in South Africa being major 
problem as we have previously seen in section 2 because of arterial rivers unavailability.  
Also, the installation of windmills and solar panel may be affected by locality differentiations, 
since some areas may be better for windmill installation while another for solar panel. The 
total cost of energy consumption is:    t t 
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Without CDM, South Africa maximizes:  
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Subject to   t 0 and  t  0    Given :  
  t  t c           t  0                       0,               t  
                                                                              (3) 
 t  o      t                t    0  t       t            0,                                         (4) 
  t   t                                         0,                                                       t                                         (5)                                                                                                                                      
   t  t  t    t                                   0                                                                                      (6)                                                                                 
To interpret the above set up, accumulated carbon emission is considered to have only one 
source which is the consumption of fossil fuel.  The global accumulated carbon emission is 
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denoted by  . Equation 3 tells us that, as long as there is a market for fossil fuel in the 
international market, the equilibrium producer price of fossil fuel will keep rising with the 
interest rate   c .   0 denote a constant which represent the price of fossil fuel in the initial 
period.   
In equation 5, the accumulated use of carbon-free resource is denoted by     and equation 6 
says that, if we add the current fossil fuel consumption and the rest of the world carbon  
emission (Q) to the global stock of carbon in the atmosphere, the concentration level of 
global carbon stock in the atmosphere will rises, that is     t  is positive. Meanwhile, the rest 
of the world carbon emission (Q) is exogenous and its estimation has been shown in 
equation 19 of this study. 
However, some of the existing global carbon stock will be transformed into a harmless form 
by physical or chemical processes that is, it decays. The amount of carbon emission decay 
from the South Africa consumption of fossil fuel and the rest of the world carbon emission is 
then captured in equation 6 by   . Equation 4 says something about the extent to which 
South Africa will need to learn about carbon-free resource consumption after the initial 
familiarity, with   denoting the learning parameter.   0 denote the price on a carbon-free 
resource in the developed countries. 
   is the cost that will be incurred by South Africa on carbon-free resource consumption 
while    is the cost incurred by South Africa on fossil  fuel consumption. The specification in 
equation 2, is the discounted present value of fossil fuel and carbon-free resource 
consumption minus the carbon-free resource cost     minus the cost of fossil fuel    minus 
the losses to welfare from accumulated carbon emission      with   in equation 2 is the 
discount rate 
Optimization condition     
The damage function (   ) is assumed to be a convex and increasing function with 
   t     t  for all  t . The current value Hamiltonian     for South Africa problem 
without CDM is given below: 
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The necessary first-order conditions for a maximum include: 
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To interpret the above necessary first order conditions of the maximum principle, the 
variable    , is the marginal increase of one unit of the objective function arising from a unit 
change in the cost of carbon-free resource.  
From equation 8, we have it that,  the marginal benefit of fossil fuel consumption is equal to 
its marginal cost.  However, we can write fossil fuel consumption as a function of it’s cost. 
That is,   t     t   t  with the demand for fossil fuel going down when the price goes up . 
That is,   t  .  
     . 
From equation 8,    q   t  t )    t.   
Hence,  
 
q   t  t    t   t   
  
   
   
  
 
            
    
However, the utility function of the primary energy consumption in South Africa is taken  is 
assumed to be increasing and concave with the propery  Where 
 
Let     .                                                                                                   (13) 
Hence,    q t t ) 
     while  
    
q t t ,  
Therefore,       t t
2 
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We will then have it that,  
   t t
2 
  . 
 
From equation 10, we have it that, the marginal benefit of carbon-free resource  
consumption  is equal to it’s marginal cost . The marginal cost of carbon-free resource is  
t t t  minus the learning effect t 0 t t .  That is, the more we use 
carbon-free resource  today, the less will be it’s cost tomorrow.  
From equation 8, 9 and 13, we will have it that,   q t t = s t t ). Hence,  
t t t t t 0 t t                                                                    (14) 
Equation 14, tells us that the marginal cost of fossil fuel consumption is equal to the 
marginal cost of carbon-free resource consumption. t enter equation 14 as a negative. This 
is because, if any effort is made to increase the marginal cost on carbon-free resource, the 
worse will be the welfare.   
However, from equation 14, we know that t t
2 as long as  
5.1.1. Data calibration and simulation 
The proceedure of calibration  involves setting a baseline solution in which fossil fuel 
consumption, carbon-free resource consumption and carbon emission from south africa 
grows at the annual rate  and  respectively . 
In our analysis, the  fossil fuel and carbon-free resource consumption of South Africa is taken 
to be the addition of oil - coal consumption  and the addition of nuclear - hydro consumption 
respectively.  However both primary energy consumption (fossil fuel and carbon-free 
resource) are measured in mega tons of oil equivalent (mtoe). That is :  
Fossil Fuel  Coal+oil) mtoe.                                                                                        (15) 
Carbon-free resource =  (Nuclear + Hydro) mtoe.                                                         (16) 
However, the  utility function of primary energy consumption specified in equation 13 was 
used.  The total cost of energy consumption is    t t t t t
2 , while the damage 
function  is taken to be a convex and increasing function with   2 . 
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We explore the carbon free resource and fossil fuel consumption outcome for the 
hypothetical case of South Africa by simulating in respect to six different cases:  
- The case in which there is no CDM intervention 
-  The case of perfect CDM.  
- The case of imperfect CDM 
- The case of increasing fossil fuel price(rc). 
- The case in which carbon-free resource price (wo)is increased 
The model is solved for 2010 to 2070 with two years interval. That is, long run effects of five 
different cases are reported for 60 years from now.  The producer price of fossil fuel in our 
simulation is taken to be available at a current value price of US$0.1. The utility function of 
primary energy consumption, that is, t t )  in  our simulation is  however taken to be in 
monetary benefit terms.  
In table 1 presented below is the summary of key parameters in our simulation of the case 
with no CDM 
Key parameters     
The price on carbon-free resource in the  developed countries 0                            0.15   
The learning  parameter                                                                                                  0.2 
The interest rate in which the equilibrium producer price of fossil fuel rises c        0.06 
Decay parameter (                                                                                                             10-7 
Table 1: summary of key parameters in simulation of model with a case of no CDM, perfect CDM and imperfect 
CDM 
Also, the series of step below capture the various step involved for our data calibration and 
simulation. 
Step 1 
From our obtained data, we already know the South Africa fossil fuel consumption   
carbon-free resource consumption  and carbon emission  between the year 1984 to 
2008.  However, in order, to get  q, s and z  for 2010 to 2070, the  annual percentage growth 
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rate between the year  1984 to  2008 is first determined for  and using the below 
equation: 
                                                                                             (17) 
Where, PR = Percent Rate 
VPresent = Present or Future Value in the year 2008 
VPast = Past or Present Value in the year 1984. 
Number of years between 1984 to 2008. That is 24 years 
We however obtained the annual percentage growth rate of fossil fuel ( ) carbon-free 
resource ( ) and South Africa carbon emission ( ) to be   and respectively.    
Step 2    
 The annual growth rate determined from step 1, is then use to determine the fossil fuel 
consumption and carbon-free resource for the year 2010 to 2070 by using the equation: 
VPresent     VPresent                                                                                                               (18) 
Where   is the annual growth rate. 
Step 3 
The rest world emission   is determined from the amount of South Africa contribution to 
the world carbon emission.  We know that South Africa carbon emission is of the 
world emission.  Then the rest world emission is however determined using the below 
equation: 
 t  t                                                                                                                                    (19) 
Where t   is the current South Africa carbon emission and t is the current rest world 
emission.  
With learning by doing in our simulation, the parameter   tells about the magnitude of the 
immediate effect  of output  on the level of knowledge.  
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5.1.2. Result (without CDM) 
Figure 14-16 show our simulation results for the distinct case in which there is no 
introduction of CDM in the year 2010-2070. However, the implication of introducing CDM on 
the transition of fossil fuel to carbon-free resource in the hypothetical case of South Africa is 
considered later in this section.  
 
Fig 14: optimal path of fossil fuel consumption without CDM 
From figure 14, we can see that, the consumption of fossil fuel keeps falling till the year 
2060. However, after the year 2060, the consumption of fossil fuel goes nearly to zero. That 
is as, . 
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Fig 15: optimal path of carbon-free resource consumption without CDM 
From figure 15, we can see that, there was no consumption of carbon-free resource from 
the period of 2010 to 2024. After the period of 2024, the consumption of carbon-free 
resource starts to increase slowly till the year 2060 and after the year 2060, carbon-free 
resource consumption keeps increasing with stability.  
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Fig 16: Analysis of the model without CDM capturing three regimes in South Africa 
From figure 16, we can see that, the result of our analysis without CDM point out to three 
basic regimes. Regime 1 being the period in which only fossil fuel is used. That is, 2010 to 
2024.  Regime 2, is one in which both carbon-free resource and fossil fuel are used 
simultaneously. That is, 2026 to 2060.  Regime 3 is one in which only carbon-free resource is 
used. That is, after the period 2062.  
However, from our simulation result, there is a deduction of a roadmap of fossil fuel and 
carbon-free technology policies that guide towards a carbon emission reduction. The road 
proceeds through three types of regimes dominated by categories of technological shift. The 
arrow shows the direction that can be ensured for reduction in the global carbon emission. 
This roadmap is presented below. 
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Use of fossil fuel remaining on 
the current baseline 
Fossil fuel  breaking away from the 
current baseline 
Carbon-free energy technology 
stabilizing around the new carbon 
baseline. 
Figure 17.  A roadmap to fossil fuel and carbon-free energy technology policy that guide to  the reduction of 
global carbon emission.  
The roadmap above show the three different categories (regime 1, 2 and 3) of regime shift 
with technologies remaining on the current baseline of carbon emission. That is, a baseline 
representing business as usual with no climate policies in place.  The first case of 
technologies remain on the present baseline of fossil fuel consumption while the second 
case of  technology  break away from the current baseline of fossil fuel consumption into 
carbon-free  consumption and the third category of technologies as stabilize around the new 
carbon baseline.  
However, this type of changes described above can be referred here to as ‘technology 
structural changes’. With the changes in the transition of fossil fuel to carbon-free 
consumption representation a stepwise shifts of technological frontier that is expected to 
signal an increase learning rate in the learning curve for technology costs; since the changes 
in the prices is usually measured by the learning curve and there is a high possibility that the 
effect of technology structural changes is masked by the changes in the market.  
Meanwhile, as we have seen previously in subsection 4.1.1 and 4.1.2, that, there tend to be 
a little usage of carbon-free resource if learning effect is excludable due to the price of 
Research and development programmes,  
investment in clean technologies and 
policy mix. 
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carbon-free technology staying at a higher level while, with non-excludable learning effect, 
price tend to follow the learning curve with none of electricity generating firm ready to bear 
the learning investment cost. As a result, the need for an intervention of policy (CDM) that 
will ensure a usage of carbon-free resource due to lower cost of carbon-free resource in the 
future is a very crucial one in the roadmap of technology policies that will guide us towards 
the technological shift from fossil fuel to carbon-free resource consumption. 
However, the current use of fossil fuel especially in the developing countries pose a major 
concern to policy makers and as a result, there was an introduction of CDM  into the 
developing countries (an example is the introduction of CDM  into South Africa in 2002).  
South Africa ratified Kyoto protocol in 2002 and different project on CDM kicked off in 2005.  
In our simulation, we however set up and make analysis of another in which CDM will be 
introduced into the previous model. Since, we would like to see the effect of CDM on the 
transition of fossil fuel to carbon-free resource in the hypothetical case of South Africa. 
5.2. The model with perfect CDM 
In this case of perfect CDM33, we are considering the effect of introducing CDM. Let be the 
price of CDMs. If South Africa installs a carbon-free technology, it will receive an income that 
will be equal to t
*
t
**
t where 
**
t  is the path of fossil fuel with CDM and  in this case , 
the assumption is that *t (that is, the price of fossil fuel without CDM) remain as it has been   
previously  estimated. Hence *t is exogeneous in equation 20. 
With perfect CDM, South Africa maximises 
   , o, )  t t ) t t t t t
2  t
*
t t t  dt.  (20) 
Subject to t 0, t  0. Given.  
t t c           t 0             0,        t                                                                        (21) 
t t p           t 0              0,        t                                                                      (22) 
t 0 t t                 0,        t                                                         (23) 
                                                          
33
 Perfect CDM here means that the baseline is estimated with the known initial level of emissions without the 
CDM project. That is  a known business as usual .(BAU). 
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t t t
*
t  
 
t
  
  t                                    0                                                      (24) 
Equation 22 tells  us that, as long as South Africa keep receiving an income for any 
incremental installation of carbon-free technology and the developed countries (both 
private and public sector) keep getting a credit for investing and transferring  cleaner 
technology (carbon-free) into South Africa, the equilibrium producer price of CDMs will keep 
rising with the interest rate p                                                     
Optimization condition            
 The current value Hamiltonian  for South Africa problem with perfect case of CDM is:                     
t t t t t t t
2  t
*
t t t t p   t t c t 0 t
t                                                                                                                                               (25)                                                                                                           
The necessary first-order conditions for a maximum include: 
q t t ) t t                                                       (26) 
s t t ) t t t t 0 t }               (27) 
t t t t
2
                                                                                                                                                    (28)                                                                                                                                             
  t                                                                               (29) 
  t       t t                                     (30) 
 
From equation 26, we have it  that, the marginal benefit of fossil fuel consumption is equal 
to its marginal cost. The marginal cost of fossil fuel is t plus the price on CDM t . That is 
the more of fossil fuel fuel used today, the more will be the cost tomorrow.  
From equation 27, we have it  that, the marginal benefit of  carbon-free resource 
consumption  is equal to it’s marginal cost . The marginal cost of carbon-free resource 
consumption  is   t t t  minus the learning effect t 0 t t.  That is, the 
more of carbon-free resource will use today, the less will be it’s cost tomorrow.  
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With the specification of  utility function of the primary energy consumption in equation 13, 
We will have it that, q t t = s t t ).  
Hence,  
t t t t t t 0 t t                                                                  (31) 
The  price of CDM in our simulation is taken  to be available at a current value price of 
US$0.1 and the interest rate in which the equilibrium price of CDM p  rises to be 4%. The 
specification in table 2 remain the same and also step 1 to step 3 discuss previously remain 
the same.  
5.2.1. Result (with perfect CDM) 
The implication of introducing CDM on the transition of fossil fuel to carbon-free resource in 
the hypothetical case of South Africa are considered here. Figure 18-20 show our simulation 
results for the distinct case in which there is a perfect CDM. 
 
 
Fig 18: optimal path of fossil fuel consumption with CDM 
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From figure 18, we can see that, after introducing CDM to South Africa, the consumption of 
fossil fuel keep decreasing till the year 2038. After  the period of it nearly goes to zero. 
.  
 
Fig 19: optimal path of carbon-free resource consumption with perfect CDM 
From figure 19, we can see that the consumption of carbon-free resource keeps increasing 
until the year 2038. After which there seems to be a stability in the use of carbon-free 
resource. 
South 
Africa 
Optimal 
carbon-free   
resource 
consumpti
on with 
perfect 
CDM 
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Fig 20: Analysis of the model with perfect CDM capturing only two regimes in South Africa 
From figure 20, we can see that, the model with perfect CDM has captured only two 
regimes. That is regime 2 which now the period of 2010-2038 in which both fossil fuel and 
carbon-free resource is being used and regime 3 which is now 2039-2070 in which only 
carbon-free resource is being used.    
From our result, we can see that, after the introduction of CDM into South Africa, there is 
now an observation of only two regimes (regime 2 and regime 3). Fossil fuel consumption 
goes to zero at a early stage in the period of 2038 instead of 2060 in the case of no CDM. 
Also, carbon-free resource consumption now starts in the period of 2010 instead of 2024 in 
the case of perfect CDM.  
However, in the perfect case of CDM analyzed above, the baseline is estimated as if the 
initial level of emissions is known, meanwhile as we have previously seen while discussing 
the  pros and cons of CDM, there is a high possibility of  miscalculating BAU level. Hence, 
there is a need to look into the case at which there is an overestimation of BAU. This is 
analyzed in the next section below. The parties that will be involved in CDM project in the 
hypothetical case of  South Africa is assumed to overestimate the BAU by 20% 
overestimated since, they will be interested in additional gain when BAU is overestimated. 
South Africa 
optimal 
carbon-free 
resource 
consumption 
with perfect 
CDM in 
mtoe*10 
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5.3. The model with imperfect CDM. (That is increasing   business as usual (BAU)  by 
20%) 
Here, we are considering the effect of overestimating BAU by 20%  at the time of CDM 
introduction in the hypothetical case of South Africa.  Let the specification and assumption 
about the price of CDM, utility function, damage function and the key parameters in the case 
of perfect CDM remain the same.  
With imperfect CDM, South Africa maximises 
   , o, ) t t  t t t t t
2  t
*
t t t t  
dt.                                                                                                                                                         (32) 
Subject to t 0, t  0. Given.   
t t c           t 0              0,        t                                                                       (33) 
t t p           t 0              0,        t                                                                     (34) 
t 0 t t                 0,        t                                                        (35) 
t t t
*
t  
 
t
  
  t                                    0                                                     (36 
The interpretation from equation 33- 36 remain as the interpretation from equation 21-24.                                       
Optimization condition            
 The current value Hamiltonian  for South Africa problem with CDM is:                     
t t t t t t t
2  t
*
t t t t t p   t t c
t 0 t t                                                                                                                               
(37)                                                                                                           
The necessary first-order conditions for a maximum include: 
q t t ) t t                                                (38) 
s t t ) t t t t 0 t }               (39) 
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t t t t
2
                                                                                                                                                    (40)                                                                                                                                             
  t                                                                               (41) 
  t       t t                                      (42) 
 
From equation  38, we have it  that, the marginal benefit of fossil fuel consumption is equal 
to its marginal cost. The marginal cost of fossil fuel is t plus the price on CDM t . That is 
the more of fossil fuel fuel used today, the more will be the cost tomorrow.  
The interpretation in equation 39 remain as that of equation 27. With the specification of  
utility function of the primary energy consumption in equation 13, We will have it that, q 
t t = s t t ).  
Hence,  
t t t t t t 0 t t                                                            (43) 
The result of the case with imperfect CDM is presented below by allowing the  previous  
specification  and assumption of primary energy cosumption, key parameters in table 1,  
step 1 to step 3, the  price of CDM and the interest rate in which the equilibrium price of 
CDM p  to be remain the same. 
 
5.3.1. Result (with imperfect CDM) 
Figure 22-24 present our simulation results from 2010-2070 for the distinct case in which 
there is an imperfect case of CDM  in the period  2010-2070.  
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Fig 21 optimal path of fossil fuel consumption with imperfect CDM 
 
 
Fig22: optimal path of carbon-free resource consumption with imperfect  CDM 
South Africa Optimal 
carbon-resource 
consumption with 
imperfect CDM in 
mtoe*10 
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Fig 23: Analysis of the model with imperfect CDM capturing only two regimes in South Africa 
From figure 21-23, we can see that, the result from our simulation with the case of imperfect 
CDM is the same with that of perfect CDM. That is, both cases as captured only two regimes. 
With regime 2 as the period of 2010-2038 and regime 3 2039-2070. 
Fossil fuel consumption goes early to zero at the period of 2038 instead of 2060 in both 
cases and also carbon-free resource consumption starts in the period of 2010 instead of 
2024 in both cases 
However, as we have seen from figure 14-16, if there is no additional policy intervention, 
switching to regime 3 from regime 2 might take a very long time. This is because, there is an 
inter-linkage between the extent in which policy makers devote in implementing technology 
policies (CDM in this case) for carbon emission reduction and the susceptibilities of the 
driving forces underlying the transition of fossil fuel to carbon-free consumption. In other 
words, if carbon emission is determined by the consumption of fossil fuel, then attempts to 
avoid carbon emission in the early stage of an economy might be futile, since, fossil fuel is 
South Africa 
carbon-free 
resource 
consumption 
with imperfect 
CDM in 
mtoe*10 
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taken to be naturally available and affordable. Hence there might be a need for an additional 
policies intervention.  
The  major motivation for examining a systematically link between the effect of introducing 
CDM on transition of fossil fuel to carbon-free resource is a basic search for an additional or 
alternative policy strategies that can ensure a speed up in the transition of fossil fuel to 
carbon-free resource. The question now is what kind of additional policy can be introduced 
in order to speed up the transition of fossil fuel to carbon-free resource in South Africa?  In 
the next section, is a discussion of two possibilities that can be considered in any additional 
policy strategies focusing on speeding up the transition between fossil fuel and carbon-free 
resource. 
5.4.  Two special cases for a supplemental policy in speeding up the transition of 
fossil fuel to carbon-free resource. 
The emphasis here is to identify the kind of policies that will de-link the speeding up the 
transition of fossil fuel to carbon-free resource in the hypothetical case of South Africa.  
The two special cases here illustrate the two possibilities in additional policy strategies. The 
first case is the case in which there is an increase in the rate in which equilibrium producer 
price of fossil fuel price ( c ) is rising,  while the second case is one in which there is a 
decrease in the  price on carbon-free resource 0 in the developed countries. 
In table 2 below is the summary of key parameters in our simulation of this two special 
cases. .  
Key parameters     
The price on a carbon-free resource in the  developed countries 0                         0.05  
The learning  parameter                                                                                                  0.2 
The  rate in which the equilibrium producer price of fossil fuel rises c                     0.09 
Decay parameter (                                                                                                             10-7 
Table 2: Summary of key parameters in the simulation of two cases of additional policy 
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5.4.1. Result in the First case of increasing the rate in which  equilibrium 
producer price of fossil fuel is rising  from 0.06 to 0.09  
Following equation 20-30, the result of increasing rc is presented below in figure 24-27. 
 
Fig 24: optimal path of fossil fuel consumption with increase in fossil fuel price c 
From figure 24, we can see that the path of fossil fuel consumption keep decreasing till 2030 
and after this period, the consumption of fossil fuel become nearly goes to zero.  
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Fig 25: optimal path of carbon-free resource consumption with increase in fossil fuel price c 
From figure 25, we can see that, the consumption of carbon-free resource start from the 
period of 2010 to 2030. After which there is stability.  
 
 
South 
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optimal 
carbon-free 
resource 
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Fig 26:  Analysis of the model capturing only two regimes with increase in  rc    
From figure 26, we can see that, when the rate in which the equilibrium producer price on 
fossil rises is increased, switching from regime 2 to regime 3 is now earlier. That is 2030 
instead of 2038 as we have seen previously. That is, regime 2, is now period of 2010 to 2030, 
while regime 3 from 2031. 
 
5.4.2. Result in the second case of decreasing the price on carbon-free 
resource  in the developed countries wo from 0.15 to 0.05.  
Following equation 20-30, the result of decreasing wo is presented below in figure 27-29. 
 
South Africa Optimal 
carbon-free resource 
consumption with 
increase in rc from 0.06 
to 0.09 
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Fig 27: optimal path of fossil fuel consumption with decrease in carbon-free resource price 0 from 0.15 to 0.05 
From figure 28, we can see that the path of fossil fuel consumption keep decreasing till 2018, 
after which the consumption of fossil fuel become nearly zero. 
 
 
Fig28: optimal path of carbon-free resource  consumption with decrease in o  
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From figure 28, we can see that, the consumption of carbon-free resource increase from 
2010 to 2018. After 2018, the consumption of carbon-free resource starts to increase.  
 
 
Fig 29:  Analysis of the model capturing only two regimes with decrease in wo   
From figure 30, we can see that, when the price on carbon-free resource in the developed 
countries is decreased from 0.15 to 0.05, switching from regime 2 to regime 3 is now more 
early. That is 2018 instead of 2038 as we have seen previously. That is, regime 2, is now 
period of 2010 to 2018, while regime 3 from 2019.  
However, as  Hoel (2008),  made it clear that, the reduction in the cost of non-carbon 
resource (clean fuel) with  technology improvement  policy would not necessarily lead to a 
reduction in the global carbon emission, since producer of fossil fuel can reduce their  price 
which may counter  the declination of demand for fossil (dirty)  fuel. The above analysis 
clarify that, if the policy maker can ensure a policy effect on the increase in the rate at which 
the equilibrium producer price of fossil fuel is rising and ensure a policy effect in decreasing 
the price on carbon-free resource in the developed countries, there will be a speed up in the 
transition of fossil fuel to carbon-free resource. 
Table 3, below is a summary of our simulation and analysis. In the comparison of five 
different cases in our simulation, we can see that, the increase in the rate at which the 
South Africa optimal 
carbon-free 
resource 
consumption with 
decrease in w0 from 
0.15 to 0.05 in mtoe 
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equilibrium producer price of fossil fuel is rising and the decrease in the price on carbon-free 
resource in the developed countries are the two policy strategies and possibilities that will 
ensure a speed up in the transition of fossil fuel to carbon-free resource.  
 
Comparison of five 
distinct cases in our 
simulation and 
analysis 
REGIME  
1  2 3 
-consumption of 
only fossil fuel 
-Consumption of both fossil fuel 
and carbon-free resource 
-Consumption of only carbon-
free resource 
-  Fossil fuel 
remaining on the 
current baseline 
-Fossil fuel breaking away from 
the current baseline 
-Carbon-free  energy technology 
to stabilize with a low carbon 
baseline 
-Transition period with an 
increasing level of Carbon-free 
energy technology 
-No good learning 
potential. 
-Good learning potential  
 
 
 
High learning potential. 
                                                             
No CDM 2010-2024   2025-2060                    2061-2070 
Perfect CDM - 2010-2038 2061-2070  
Imperfect CDM - 2010-2038 2039-2070 
Increase rc from 
0.06 to 0.09 
- 2010-2030 2031-2070 
Decrease wo from 
0.15 to 0.05 
- 2010-2018 2019-2070 
Table 3:  Comparison of five distinct cases in our simulation a towards the speed up in the transition of fossil fuel 
to carbon free resource. 
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6.0. Conclusion  
The effect of Clean Development Mechanism (CDM) on the transition of fossil fuel to carbon-
free resource in the hypothetical case of South Africa has been examined in this study.  
However, a simplified theoretical approach with two extensive combination of models and 
theories, that is, Hotellings rule model and learning-by-doing effect theory on the price of 
carbon-free resource has been adopted when there is an endogenous technological change 
on carbon-free resource. 
The main interest has been on how to speed up the transition of fossil fuel to carbon-free 
resource so that global carbon emission will be reduced in the future due to lower cost of 
carbon-free resource in the future. 
Meanwhile, the assumption of learning-by-doing on price of carbon-free resource and the 
unit price on carbon-free resource being a decreasing function of cumulated use of carbon-
free resource is a very vital one in this study. The reason for this is as previously shown in 
section 4, that is, if learning effect is excludable (when it is possible to prevent other firms 
who have not paid for learning investment to have access or to enjoy the profit gained of 
carbon-free resource cost reduction in the future), the price on carbon free resource tend to 
stay at a higher level and thence too little usage of carbon-free resource. While with non-
excludable learning effect (when it is not possible to prevent firms who have not paid for 
learning investment to have access or to enjoy the profit gained of carbon-free resource cost 
reduction in the future), price tend to follow the learning curve with none of electricity 
generating firm from carbon free resource ready to bear the learning investment cost and 
hence, a need for policy (CDM) intervention that will ensure a usage of  of carbon-free 
resource due to  lower cost of carbon-free resource in the future.  
The analysis in this study was done with respect to five distinct cases of policy intervention. 
With the first case as one with no intervention of CDM, second and third case as one with 
introduction of CDM in a perfect and imperfect scenario respectively. While the fourth and 
fifth case analyze with the intervention of a policy having a direct effect on the increase in 
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the rate of equilibrium producer price on fossil fuel rc and on the decrease in the price on 
carbon-free resource in the developed countries wo respectively.  
The result from the simulation of this analysis point out that, the transition of fossil fuel to 
carbon-free resource can be described with respect to three regimes when there is no 
intervention of CDM. With regime 1 (2010-2024) as the period of fossil fuel consumption 
only, regime 2 (2024-2060) as the period of simultaneous consumption of both fossil fuel 
and carbon-free resource and regime 3 (2061-2070) as the period of solely consumption of 
carbon-free resource.   
Furthermore, in the case of analyzing the transition of fossil fuel to carbon-free resource by 
introducing CDM into our model in a perfect (that is with a known business as usual-BAU) 
and imperfect scenario (that is BAU is overestimated by 20%), the result from the simulation 
captured only two regimes. With regime 2 as the period of 2010-2038 for both cases and 
regime 3 as the period of 2039-2070 for both cases. Hence, there is no difference in the 
perfect case and imperfect case of CDM in terms of technological structure, even though 
overestimating BAU might be an additional gain in profit to South Africa in the long run. 
Meanwhile, with the intervention of policy that will have a direct effect on the increase in  
the rate  at which equilibrium producer price on fossil fuel  is rising,  regime 2  now become a 
period of  2010-2030 and regime 3 a period of 2031-2070. Also with the intervention of 
policy that will have an effect on the  decrease  in the  price on carbon-free resource in the 
developing countries regime 2 is now 2010-2018 and regime 3 now 2019-2070 . 
This result point out that the path of transition of fossil fuel to carbon-free resource without 
any policy intervention is a very long one and this might have an effect in achieving a 
complete switch to carbon-free resource, that is, in ensuring a clean environment.  But, with 
the intervention of technology improvement policy (CDM), the path of fossil fuel becomes 
shortened while the path of carbon-free resource consumption was at a earlier stage. That 
is, the transition of fossil fuel to carbon-free resource is now in the early stage.  
In addition, the findings from the simulation have it that, when the rate at which equilibrium 
producer price on fossil fuel is increased and when the price on carbon-free resource in the 
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developing countries is decreased, there tend to be a more speed up in the transition of 
fossil fuel to carbon-free resource.  
As a result, this study has revealed that, technology improvement policy (CDM) is a very 
good policy in speeding up the transition of fossil fuel to carbon-free resource in the 
developing countries. Although there might be a need for a supplemental policy  that will 
enhance the speed up in the transition of fossil fuel to carbon-free resource. That is, one 
that will direct effect on the rate at which equilibrium producer price on fossil fuel is rising 
and on the price of carbon-free resource in the developed country.  
In summary, this study suggest that, the technology improvement policy (registration of 
CDM project) should continue, since it will have a speed up effect on the transition of fossil 
fuel to carbon-free resource in the developing countries, so that, global carbon emission can 
be reduced in the future due to lower cost on carbon-free resource. Also, there might be a 
need for an additional policy that will have a direct effect on the equilibrium producer price 
on fossil fuel and price on carbon-free resource in the developed country to enhance the 
speed up in the transition of fossil fuel to carbon-free resource. 
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